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L i m i t s  t o  the  CSM 
o f  t h e  CSM f o r  o r b i t a l  miss ion  work a f t e r  i t  has a s s i s t e d  i n  
l a n d i n g  an unmanned Sur face  Payload Module. 
i n e r t  weight imposed by the launch  v e h i c l e  c a p a b i l i t y  and S e r v i c e  
Module p r o p u l s i o n  sys tem have been determined.  
t r a d i n g  CSM i n e r t  weight growth f o r  S e r v i c e  Module p r o p e l l a n t  f o r  
o r b i t a l  maneuvering i s  i n v e s t i g a t e d  as i s  the  e f f e c t  of j e t t i s o n -  
i n g  equipment i n  l u n a r  o r b i t .  

modes are d i s c u s s e d  b r i e f l y .  
l a n d i n g  t h e  unmanned Payload Module i s  no t  t o  be compromised, a 
low i n c l i n a t i o n  o r b i t a l  mission appears  t h e  most f e a s i b l e .  

low i n c l i n a t i o n  o r b i t  a r e  d i scussed  and a l i s t  of i n s t r u m e n t s  re- 
w i r e d  f o r  these exper iments  i s  sugges t ed .  
more t h a n  20 n e a r  o v e r f l i g h t s  of the  c e n t e r  of Copernicus can be 
o b t a i n e d  w i t h  a loo i n c l i n a t i o n  and the  p r o p e r  s e l e c t i o n  of t h e  
p o i n t  o f  nodes,  making a low i n c l i n a t i o n  o r b i t  p a r t i c u l a r l y  a t -  
t r a c t i v e  f o r  remote s e n s i n g  of  c e r t a i n  a r e a s  of s c i e n t i f i c  i n t e r e s t .  

The e f f e c t  o f  

Some o f  t he  p o s s i b l e  s p a c e c r a f t  c o n f i g u r a t i o n  and mis s ion  
I f  t h e  primary f l i g h t  o b j e c t i v e  o f  

Remote s e n s i n g  experiments  which are a p p l i c a b l e  t o  such a 

It i s  p o i n t e d  out t h a t  
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I N T R O D U C T I O N  

Many l u n a r  e x p l o r a t i o n  concepts  propose unmanned l o g i s -  
t i c s  f l i g h t s  us ing  a LM d e r i v a t i v e  l a n d i n g  v e h i c l e .  The opera-  
t i o n a l  mode f o r  these  f l i g h t s  u ses  a manned C S M  t o  a s s i s t  i n  t h e  
unmanned l a n d i n g  of  t h e  cargo v e h i c l e .  A f t e r  t h e  l a n d i n g  i s  ac- 
complished, t h e  manned CSM can immediately r e t u r n  t o  e a r t h  o r  can 
remain i n  l u n a r  o r b i t  t o  conduct o r b i t a l  exper iments  and recon- 
n a i s s a n c e  b e f o r e  r e t u r n i n g  t o  ea r th .  The l a t t e r  a l t e r n a t i v e  ap- 
p e a r s  a t t r a c t i v e ;  however, a d d i t i o n a l  equipment f o r  t h e  o r b i t a l  
work would have t o  b e  c a r r i e d .  

WEIGHT 

The r e s u l t i n g  weight i n c r e a s e s  t o  t h e  C S M  must be he ld  
w i t h i n  t h e  c a p a b i l i t i e s  of  t h e  launch  v e h i c l e  and t h e  S e r v i c e  
Module p r o p u l s i o n  system. Appendix A c o n t a i n s  a g e n e r a l  s o l u -  
t i o n  t o  t h e  problem of  de te rmining  t h e  a l lowab le  CSM weight i n -  
c r e a s e s  f o r  l u n a r  o r b i t a l  a p p l i c a t i o n s .  The s o l u t i o n  a l s o  i n -  
c l u d e s  t h e  p o s s i b i l i t y  of  t r a d i n g  CSM i n e r t  weight a g a i n s t  SM 
p r o p e l l a n t  f o r  o r b i t a l  maneuvering as w e l l  as t h e  e f f e c t  o f  j e t -  
t i s o n i n g  some o f  t h e  added equipment i n  l u n a r  o r b i t  p r i o r  t o  
t r a n s -  ear t  h i n  j e c t i o n .  

The r e s u l t s  o f  c a l c u l a t i o n s  u s i n g  t h e  g e n e r a l  solu- 
t i o n  o f  Appendix A a r e  p l o t t e d  i n  F i g u r e  1 f o r  t h e  f o l l o w i n g  
two s p e c i f i c  c a s e s :  

CASE I - F u l l y  loaded  Block I1 SM p r o p e l l a n t  t a n k s  
(38,986 l b s )  and a S a t u r n  V i n j e c t i o n  capa- 
b i l i t y  up t o  102,000 l b s .  

- CASE I1 - S a t u r n  V i n j e c t i o n  c a p a b i l i t y  f i x e d  a t  
98,000 l b s  wi th  v a r i a b l e  SM p r o p e l l a n t  
l o a d s  as l i m i t e d  by t h e  i n j e c t i o n  capa- 
b i l i t y .  
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The fo l lowing  b a s i c  assumptions were used i n  c a l c u l a t -  
i n g  t h e  r e s u l t s  p l o t t e d  i n  F igu re  1: 

1. LM s e p a r a t i o n  weight o f  32,500 l b s .  (Thus no 
s a c r i f i c e  t o  t h e  unmanned l a n d e r ' s  pay load . )  

2 .  Apollo LOR t y p e  miss ion  AV budget e x c l u d i n g  
t h e  a l l o t m e n t  f o r  LM r e s c u e .  

3. Added i n e r t  weight  i s  cons ide red  t o  be j e t -  
t i s o n e d  p r i o r  t o  e n t r y  i n t o  e a r t h ' s  atmos- 
phe re .  ( S p e c i a l  ca ses  are a l s o  examined 
f o r  p a r t i a l  j e t t i s o n  i n  l u n a r  o r b i t . )  

The a l lowab le  C S M  i n e r t  weight i n  Case I ,  f o r  example, 
could  be as h igh  as 25,938 l b s .  Based on proposed new CSM con- 
t r o l  weights  (23,562*) ,  2 ,376  l b s  cou ld  be added t o  t h e  CSM. 
Weight a d d i t i o n s  o f  t h i s  magnitude b r i n g  up t h e  q u e s t i o n  of  a 
t r a d e  w i t h  S e r v i c e  Module p r o p e l l a n t  f o r  o r b i t a l  maneuvering. 
F i g u r e  1 i n d i c a t e s  t h i s  t ype  o f  t r ade  i n  a p l o t  of  CSM i n e r t  
weight  a g a i n s t  S e r v i c e  Module p r o p e l l a n t  weight  f o r  maneuver- 
i n g .  I n  Case I ,  r educ ing  the  CSM i n e r t  weight from 25,938 l b s  
t o  24,452 would l e a v e  1000 l b s  o f  S e r v i c e  Module p r o p e l l a n t  f o r  
o r b i t a l  maneuvers. T h i s  amount o f  p r o p e l l a n t  would p rov ide  a 
AV c a p a b i l i t y  o f  a lmost  300 f t / s e c  which cou ld  produce about  3O 
p lane  change. 

The dashed l i n e  a s s o c i a t e d  w i t h  t h e  Case I p l o t  shows 
t h e  e f f e c t  o f  j e t t i s o n i n g  1 , 0 0 0  l b s  o f  equipment wh i l e  i n  l u n a r  
o r b i t  ra ther  t h a n  w a i t i n g  u n t i l  j u s t  p r i o r  t o  e a r t h  e n t r y .  It 
can be  seen  t h a t  l u n a r  o r b i t a l  j e t t i s o n  o f  1 , 0 0 0  l b s  would al-  
low i n c r e a s i n g  t h e  CSM i n e r t  weight  ( p r i o r  t o  equipment j e t t i -  
s o n )  by 550 l b s ,  o r  e l s e  would make 372 l b s  a d d i t i o n a l  S e r v i c e  
Module p r o p e l l a n t  a v a i l a b l e  f o r  o r b i t a l  maneuvering. 

F igu re  1 a l s o  shows a s imilar  p l o t  f o r  Case I1 - a 
98,000 l b  S a t u r n  V w i t h  v a r i a b l e  S e r v i c e  Module p r o p e l l a n t  
l o a d i n g s  as l i m i t e d  by t h e  launch  v e h i c l e  i n j e c t i o n  c a p a b i l i t y .  
E l i m i n a t i o n  of  t h e  LM re scue  requi rement  a l lows  t h e  CSM to grow 
t o  24 ,300  l b s .  The t r ade -o f f  w i t h  o r b i t a l  maneuvering propel -  
l a n t  and t h e  b e n e f i t s  of l u n a r  o r b i t  j e t t i s o n  can b e  s e e n  t o  
d i f f e r  from Case I. The d i f f e r e n c e  i s  due t o  t h e  S e r v i c e  Module 
p r o p e l l a n t  l o a d i n g  l i m i t a t i o n  imposed by t h e  98,000 l b  S a t u r n  V .  
The g e n e r a l  s o l u t i o n  (Appendix A )  w i l l  h e l p  t o  e x p l a i n  t h e  d i f -  . 
f e r e n t  s l o p e  i n  t h e  p l o t s  f o r  t h e  two c a s e s  as w e l l  as t h e  d i f -  
f e r e n t  CSM weight t r a d e o f f  i n d i c a t e d  f o r  l u n a r  o r b i t  j e t t i s o n  
( 1 , 0 0 0  l b s  j e t t i s o n e d  al lows CSM i n e r t  weight  i n c r e a s e  o f  271 
l b s  f o r  Case I1 as compared t o  550 l b s  f o r  Case I ) .  

* Inc ludes  3 man Crew. 
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C O N F I G U R A T I O N  

Three p o s s i b l e  c o n f i g u r a t i o n s  f o r  o r b i t a l  i n s t r u m e n t s  
are shown i n  F igu re  2 .  Conf igu ra t ion  A c o n s t r a i n s  a l l  i n s t r u -  
ments t o  be  c a r r i e d  w i t h i n  t h e  Command Module. Data would b e  
o b t a i n e d  through t h e  CM windows o r  by deployment o f  t h e  i n s t r u -  
ment t h rough  t h e  docking h a t c h .  Some i n s t r u m e n t s  c o u l d  b e  s t o r e d  
i n  t h e  small volume ( %  3 f t  ) r e s e r v e d  f o r  t h e  sample r e t u r n  
boxes ,  and i f  t h e  crew were reduced from 3 men t o  2 f o r  a l o g i s -  
t i c s  mis s ion ,  t h e  volume o f  t h e  t h i r d  crewman's s t a t i o n  c o u l d  
a l s o  be used. T h i s  would p rov ide  ample volume p l u s  a n  addi-  
t i o n a l  weight a l lowance on t h e  o r d e r  o f  1 , 0 0 0  l b s .  

3 

Conf igu ra t ion  B p l a c e s  t h e  i n s t r u m e n t s  i n  S e c t o r  I of 
t h e  S e r v i c e  Module. The volume a v a i l a b l e  i n  t h i s  l o c a t i o n  i s  
dependent  on t h e  mis s ion  d u r a t i o n  s i n c e  t h e  a d d i t i o n a l  expend- 
ables  r e q u i r e d  would probably  be  p l a c e d  i n  t h i s  s e c t o r .  Aside 
from t h i s  t r a d e - o f f ,  t h e  f o l l o w i n g  c o n s i d e r a t i o n s  make t h i s  an 
u n d e s i r a b l e  l o c a t i o n  f o r  t h e  o r b i t a l  i n s t r u m e n t a t i o n :  

1. Experience w i t h  t h e  LM&SS and P a l l e t  i n d i c a t e s  a con- 
s ide rab le  i n t e r f a c e  task.  

2 .  Mod i f i ca t ions  t o  t h e  S e r v i c e  Module S t r u c t u r e  (windows) 
would r e q u i r e  an expens ive  program f o r  r e q u a l i f i c a t i o n .  

3. Access f o r  equipment deployment and data  r e t r i e v a l  
would b e  d i f f i c u l t .  

4 .  Lunar o r b i t a l  j e t t i s o n  o f  t h e  equipment would b e  
d i f f i c u l t .  

Conf igu ra t ion  C uses  an  in t e rmodu le  between t h e  CM and 
t h e  unmanned Sur face  Payload Module ( s t r i p p e d  a s c e n t  stage ver -  
s i o n ) .  The in te rmodule  i s  a t t a c h e d  t o  t h e  docking r i n g  o f  t h e  
a s c e n t  s t a g e  d u r i n g  l aunch  and i s  t r a n s f e r r e d  t o  t h e  CSM a f t e r  
t r a n s p o s i t i o n  and docking.  Explos ive  b o l t s  separate  t h e  s u r -  
f a c e  payload  module w h i l e  t h e  in t e rmodu le  remains a t t a c h e d  t o  
t h e  CSM docking probe  f o r  use i n  l u n a r  o r b i t .  The in te rmodule"  
can  p r o v i d e  1 2 0  f t 3  for i n s t r u m e n t a t i o n  which cou ld  accommodate 
up t o  3000 l b s .  

I f  t h e  LM t r u c k  v e r s i o n  o f  t h e  S u r f a c e  Payload Module 
i s  c o n s i d e r e d  it  would be p o s s i b l e  t o  use  t h e  end o f  t h e  Payload  

"Systems D e s c r i p t i o n  of Modular Apollo Ex tens ions  ( M . A . E . )  
Lockheed Missiles & Space Company - March 20 ,  1 9 6 7 .  
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Module (used  w i t h  t h e  Lunar Mapping and Survey Sys tem)  a s  an 
in t e rmodu le .  T h i s  would permit  c a r r y i n g  ove r  t h e  PM remote sen-  
s o r s  w i t h  minor m o d i f i c a t i o n s .  I n  t h i s  c o n f i g u r a t i o n ,  t h e  LM 
t r u c k  payload  envelope would have t o  be s h o r t e n e d ,  o r  b u i l t  w i t h  
a r e c e s s  i n  t h e  t o p  t o  f i t  t h e  end o f  t h e  PM. The PM docking 
a p p a r a t u s  would be  used,  l eav ing  t h e  t r u c k  f ree  o f  t h i s  r e q u i r e -  
ment. A new s t r u c t u r e  would b e  needed t o  c a r r y  t h e  LM t r u c k  
l o a d s  around t h e  in te rmodule  t o  t h e  docking c o l l a r .  

I n  each  c o n f i g u r a t i o n ,  i t  may be d e s i r a b l e  t o  i n c l u d e  
a s u b s a t e l l i t e  which would provide  i t s  own power, a l t i t u d e  
c o n t r o l  and communication. The s u b s a t e l l i t e  could  be s p e c i f i e d  
t o  be f r ee  of  r a d i a t i o n ,  magnetic f i e l d s ,  and v i b r a t i o n s .  

M I S S I O N  

S i n c e  t h e  p r i m a r y  mission would b e  l a n d i n g  o f  t h e  Sur- 
f a c e  Payload Module, it i s  r e a l i s t i c  t o  assume a h i g h l y  con- 
s t r a i n e d  o r b i t a l  mi s s ion .  Cons ide ra t ions  of  t h e  s u r f a c e  rendez-  
vous mis s ion  would c o n s t r a i n  t h e  l a n d i n g  s i t e  t o  t h e  e q u a t o r i a l  
band on t h e  n e a r  f a c e  of  t h e  moon.* Although it would be  pos- 
s i b l e  t o  go i n t o  p o l a r  o r b i t  and wait about  1 0  d a y s  t o  l a n d  t h e  
S u r f a c e  Payload Module i n  t h e  p r o p e r  l o c a t i o n ,  t h i s  d e l a y  would 
compromise s u c c e s s  of  t h e  primary mis s ion .  T h e r e f o r e ,  t h i s  m i s -  
s i o n  would probably  be a t  low i n c l i n a t i o n  ( o f  t h e  o r d e r  o f  10' 
o r  l e s s ) .  

Such a low i n c l i n a t i o n  mis s ion  ( < l o o )  does n o t  l e n d  
i t s e l f  t o  broad s y s t e m a t i c  surveys  b u t  a l lows  f o r  n e a r  over -  
f l i g h t  of a broad swath i n  t h e  e q u a t o r i a l  r e g i o n .  F i g u r e  3 
shows t h e  f i r s t ,  t w e l f t h ,  and twenty.-fourth ground t r a c k s  f o r  
a 10' i n c l i n a t i o n  w i t h  t h e  t w e l f t h  t r a c k  c e n t e r e d  on Copernicus.  
Consecut ive ground t r a c k s  a r e  separated by a d i s t a n c e  of  5 .2  k m  
a t  t h e  e q u a t o r  and t h e  s e p a r a t i o n  d e c r e a s e s  as l a t i t u d e  i n c r e a s e s ,  
f i n a l l y  c r o s s i n g  n e a r  10'. 
(from an  o r b i t a l  h e i g h t  of 80 km) a l lows  f o r  o v e r l a p  a t  t h i s  maxi- 
mum s e p a r a t i o n .  The ground t r a c k s  show t h a t  f o r  a node a t  70' E 
and a 10' i n c l i n a t i o n ,  t h e  c e n t e r  o f  Copernicus w i l l  be v i s i b l e  
from t h e  CSM f o r  cons ide rab ly  more t h a n  20 o r b i t s .  Assuming tha t  
t h e  CSM s tays  i n  l u n a r  o r b i t  6 days,  approximate ly  42% o f  t h e  re- 
g i o n  between 10' N and 10' S can be  surveyed from o r b i t  w i t h  sen-  
s o r  beam width of 3.7' o r  g r e a t e r .  The areas n e a r  10' l a t i t u d e  
w i l l  be r e p e a t e d l y  n e a r  overflown, p e r m i t t i n g  t h e  s e n s o r s  t o  view 
approximate ly  t h e  same areas and improve t h e  coun t ing  s t a t i s t i c s .  
f o r  c e r t a i n  exper iments .  

A s e n s o r  beam width grea te r  t h a n  3.7' 

EXPERIMENTS AND PAYLOAD 

A t  t h i s  phase i n  t h e  Lunar E x p l o r a t i o n  Program 
( l a n d i n g  an unmanned SPM) s e v e r a l  manned l a n d i n g s  w i l l  have 
t a k e n  p l a c e  n e a r  t h e  e q u a t o r  and s u r f a c e  s c i e n t i f i c  s t a t i o n s  

*This  assumes tha t  an abort-anyt ime c o n s t r a i n t  i s  t o  be 
ma in ta ined .  



BELLCOMM. I N C .  - 5 -  

w i l l  be  c o l l e c t i n g  data on t h e  geophys ica l  and envi ronmenta l  
pa rame te r s  of t h e  Moon. Ground t r u t h  d a t a  w i l l  b e  a v a i l a b l e  
f o r  each  l a n d i n g  s i t e  i n  a d d i t i o n  t o  rea l  t ime i n f o r m a t i o n  
on t h e  s u r f a c e  magnet ic  f i e l d  and i n c i d e n t  e l e c t r o n  and p r o t o n  
f l u x e s .  

1. 

2. 

3. 

4.  

5.  

6 .  

7. 

8. 

9 .  

10. 

From t h e  CSM i n  o r b i t  i t  w i l l  be p o s s i b l e  t o :  

c o r r e l a t e  magnetic f i e l d  measurements made a t  
o r b i t a l  a l t i t u d e s  w i t h  cor responding  measure- 
ments made on t h e  s u r f a c e ;  

de te rmine  t h e  l u n a r  environment a t  o r b i t a l  
a l t i t u d e s ;  

photograph t h e  s u r f a c e  a t  v a r i o u s  l u n a r  phases ;  

measure t h e  l u n a r  s u r f a c e  r a d i o a c t i v i t y  w h i l e  
t h e  i n c i d e n t  r a d i a t i o n  v a r i e s ;  

determine t h e  geometr ic  shape and g r a v i t a t i o n a l  
anomalies o f  t h e  Moon; 

de te rmine  t h e  s u r f a c e  t empera tu re  and s u r f a c e  
the rma l  p r o p e r t i e s ;  

e s t ab l i sh  an upper  bound t o  t h e  l u n a r  heat flow; 

de te rmine  t h e  e l e c t r i c a l  c o n d u c t i v i t y  and 
complex d i e l e c t r i c  c o n s t a n t  o f  l u n a r  m a t e r i a l ;  

c o n s t r u c t  a t h r e e  dimensional  b r i g h t n e s s  t empera tu re  
map; and 

de termine  t h e  f e a s i b i l i t y  of  m u l t i s p e c t r a l  
photography f o r  remote s e n s i n g .  

To perform t h e  measurements sugges t ed  above,  t h e  

Cameras 

Magnetometer 

I R  Radiometer ( o r  Imager) 

Mul t ichannel  Microwave Radiometer (or Imager)  

Gamma-Ray Spec t rometer  

X-Ray F luorescence  

Radar A l t i m e t e r  

Grav i ty  Gradiometer 

f o l l o w i n g  exper iments  are recommended: 
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. 
M u l t i s p e c t r a l  Photography F e a s i b i l i t y  Study 

E l e c t r o n  P ro ton  Spectrometer  

Nuclear  Emulsion Stacks  

Micrometeoroid C o l l e c t i o n  P l a t e s  

There may be problems a s s o c i a t e d  w i t h  t h e  i n c l u s i o n  
of t h e  magnetometer due to the  magnetic environment of t h e  
s p a c e c r a f t  and problems wi th  i s o l a t i n g  t h e  g r a v i t y  g rad iomete r  
from t h e  e f f e c t s  of crew movement; t h e  s p a c e c r a f t  r a d i a t i o n  
background may i n t e r f e r e  w i t h  t h e  gamma-ray spec t romete r  and 
X-ray f l u o r e s c e n c e .  

The r e s u l t s  expected from t h e  above in s t rumen t s  a r e  
d i s c u s s e d  elsewhere.* The micrometeoroid c o l l e c t i o n  p l a t e s  
and n u c l e a r  emulsion s t a c k s  a r e  sugges ted  for t h e  CSM p r i m a r i l y  
because of t h e  requi rements  of long  exposure a t  l a r g e  d i s t a n c e s  
from t h e  e a r t h  and r e t u r n  of t h e  p l a t e s  and emulsions t o  e a r t h  
for a n a l y s i s ;  t h e  d a t a  from t h e  p l a t e s  and emulsions a r e  
expec ted  to be r e l a t i v e l y  independent of t h e  o r b i t a l  i n c l i n a -  
t i o n .  

The mis s ion  p r o f i l e  for expe r imen ta l  purposes  should 
c o n s i s t  of t h e  fo l lowing :  

1. A f t e r  l a n d i n g  the  SPM, t h e  CSM remains i n  an  
e q u a t o r i a l  o r b i t  f o r  about  5 o r b i t s  to f l y  
over  t h e  ground t r u t h  s i tes  and c a l i b r a t e  
t h e  sensors;** and, . 

2.  A p l a n e  change i s  e f f e c t e d  w i t h  t h e  p o i n t  o f  
nodes s e l e c t e d  so  t h a t  t h e  CSM o v e r f l i e s  t h e  
prime s c i e n t i f i c  s i t es  a maximum number of 
t imes .  

* 
W .  L .  P io t rowsk i  and B. E .  S a b e l s ,  "Lunar O r b i t a l  

11  
Experiments w i t h  t h e  Apollo Mapping and Survey System, 
Bellcomm, I n c . ,  Memorandum f o r  F i l e ,  January 27, 1967. 

d e t e r m i n a t i o n  of t h e  r e p e a t a b i l i t y  of t h e  measurements. 
**Repeated o v e r f l i g h t  of t h e  same s i t e s  g i v e s . a  d i r e c t  
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C O N C L U S I O N S  

I f  a manned mission is  used t o  d e l i v e r  a s u r f a c e  
payload module to l u n a r  o r b i t ,  t h e  CSM could perform u s e f u l  
o r b i t a l  work. A choice  of c o n f i g u r a t i o n  should awa i t  f u r t h e r  
d e f i n i t i o n  of t h e  Surface  Payload Module. 

C J B  
1012 -WLP-sew 

DRV 

f - r  c-6 
C .  J .  Byrne 

w W .  L.  P io t rowsk i  

D. R .  Val ley/  

Attachments : 
Appendix A 
F i g u r e s  1-3 



BELLCOMM, INC.  

A P P E N D I X  A 

Determina t ion  of a l lowab le  CSM i n e r t  weight  growth 
for l u n a r  o r b i t a l  a p p l i c a t i o n s  w i t h  unmanned d e l i v e r y .  

CSM = I n e r t  weight  of Command/Service Module 

X = Weight j e t t i s o n e d  i n  Lunar O r b i t  

SMPLO = S e r v i c e  Module p r o p e l l a n t  a v a i l a b l e  for 
o r b i t a l  maneuvers 

R1 = Mass r a t i o  a s s o c i a t e d  w i t h  t r a n s - e a r t h  
i n j e c t i o n  AV (3 ,190 f p s )  

R2 = Mass r a t i o  a s s o c i a t e d  w i t h  l u n a r  o r b i t  
i n s e r t i o n  AV (3 ,607  f p s )  

SMPT = T o t a l  S e r v i c e  Module p r o p e l l a n t  l oad  

LM = S e p a r a t i o n  weight of unmanned l a n d e r  (32,500 l b s )  

SLA = S/C LV a d a p t e r  (3,850 l b s )  

Genera l  S o l u t i o n  f o r  Al lowable  CSM Weight Growth: 

CSM t SMPT t LM t SLA = I n j e c t i o n  weight  

(1) CSM t SMPT t 3 2 , 5 0 0  t 3,850 = . I n j .  w t .  (Launch Veh ic l e  C a p a b i l i t y )  

CSM + SMPT t 32,500 
= S p a c e c r a f t  weight  i n  Lunar O r b i t  

R2 

= SM P r o p e l l a n t  used  f o r  
j R Z R 2  ') Lunar O r b i t  I n s e r t i o n  

= (CSM t SMPT t 32,500) SMpLoI 

= (CSM - X)(R1 - 1) = SM P r o p e l l a n t  used for 
T r a n s - e a r t h  I n j e c t i o n  S M P ~ ~ ~  

SMPT = SMPLOI S M P ~ ~ ~  t SMPLO 

NOTE: Apol lo  AV Budget taken from "Apollo Lunar Landing Mission 
Symposium - MSC - June 25-27,  1966" 
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SMPT = [CSM t SMPT t 32,500]12Ri It [CSM-XI [R1-ll + SMPIO 

S o l v i n g  f o r  SMPT 

SMPT = [CSM] [R1R2-1] - X[(R1-1)(R2)] + SMPLo(R2) + 32,500 (R2-1) 

Using Apollo v a l u e s  for Rl and R2 

Equa t ions  (1) and (2) r e p r e s e n t  a g e n e r a l  s o l u t i o n  
t o  t h e  problem o f  det 'ermining t h e  CSM i n e r t  weight  a l l o w a b l e  
for o r b i t a l  a p p l i c a t i o n .  These e q u a t i o n s  w i l l  now be a p p l i e d  
t o  two s p e c i f i c  c a s e s  t o  i l l u s t r a t e  t h e i r  a p p l i c a t i o n .  

Case I - BLK I1 SM p r o p e l l a n t  t a n k s  f u l l y  loaded  (38,986 l b s )  and 
S a t u r n  V i n j e c t i o n  c a p a b i l i t y  up t o  102,000 l b s .  

E q u a t i o n  (2) i s  all t h a t  i s  r e q u i r e d  s i n c e  t h e  t o t a l  SM p r o p e l l a n t  
(SMPT) i s  always 38,986 lbs;* 

38,986 = [CSM] C.9631 - XC.5321 t SMPLO (1.431) + 14,007 
I f  X = 0 (No weight  j e t t i s o n e d  i n  l u n a r  o r b i t ) ,  and 

SMPLO = 0 (No SM p r o p e l l a n t  f o r  o r b i t a l  maneuvers)  

CSM = 25,938 l b s  (See  F i g .  1) 

I f  X = 0 and SMPLO = 1 , 0 0 0  l b s ,  CSM = 24,452 

11 ?I = 2,000 l b s ,  CSM = 22,965 

( T h e  above r e s u l t s  are p l o t t e d  on F i g .  1 ( S o l i d  l i n e  f o r  Case 1)) 
If X = 1 , 0 0 0  l b s  (we igh t  j e t t i s o n e d  i n  l u n a r  o r b i t )  and 

SMPLO = 0 ; CSM = 26,490 l b s  

= 1,000; CSM = 25,004 l b s  

SMPLO = 2,000; CSM = 23,518 l b s  
SMPLO 

(I 
The S a t u r n  V i n j e c t i o n  c a p a b i l i t y  r e q u i r e d  i s  75,336 l b s  p l u s  

the  CSM i n e r t  w e i g h t ,  (SMPT t LPM + SLA o r  38,986 + 32,500.t 3,850) 
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These r e s u l t s  p l o t t e d  are t h e  dashed  l i n e  f o r  Case 1 on F i g .  1. 

Case I1 - 98,000 l b  S a t u r n  V and v a r i a b l e  SM p r o p e l l a n t  
l o a d  as l i m i t e d  by l a u n c h  v e h i c l e  c a p a b i l i t y .  

E q u a t i o n s  (1) and ( 2 )  are r e q u i r e d  f o r  t h i s  c a s e :  

(1) CSM + SMPT + 32,500 t 3,850 = 98,000 ( I n j e c t i o n  Wt) 

( 2 )  SMPT = [CSM] C.9633 - XC.5321 t SMPL0(1.431) t 14,007 

S u b s t i t u t i o n  (1) i n t o  ( 2 )  

61,650 - CSM = [CSM] C.9631 - XC.5321 t SMPLO (1.431) -I- 14,007 

47,643 = [CSM] C1.9631 - XC.5321 + SMPLO (1.431) 

I f  X = 0 ,  and: SMPLO = 0 ;  CSM = 24,270 l b s  

?I 11 SMPLO = 1 , 0 0 0 ;  CSM * 23,541 l b s  

?l ?I SMPLO = 2,000; CSM = 22,812 l b s  

(These r e s u l t s  p l o t t e d  on F i g u r e  1 (Case I1 S o l i d  l i n e ) )  

I f  X = 1 , 0 0 0  and SMPLO = 0 ; CSM - 24,542 
11 " SMPLO = 1 , 0 0 0 ;  CSM = 23,813 

I? " SMPLO = 2,000; CSM = 23,084 

(These r e s u l t s  are p l o t t e d  on F i g u r e  1 (Case I1 Dashed l i n e ) )  
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